Abstract. In order to study the structural failure mechanism and mode of the warship and improve the ultimate strength, this paper analyzes the contents and results of the tests carried out by western developed countries such as America and Europe. Taking account of the design and building of warship and navy development, it talks about the necessities and feasibilities to do the full-scale warship collapse test by us objectively and concludes that the test is badly needed. It puts forward the method and suggests that the full-scale ship structural collapse test should be carried out with two self-designed decommissioned warships of similar structure. With the test data, the real ultimate bearing capacity and the safety coefficient of ship structures can be ensured. A more perfect standard system of ship design and evaluation can be built.
Introduction
Since years of reform and opening-up, the ship industry is experiencing great development. China has been recognized as a great shipbuilding country. The expense of national defense is increasing and the PLA Navy keeps developing with upgrading the warship [1] . Promoted by various elements, the shipbuilding technology is improved and the design is more reasonable. Especially the finite element technology is widely used to get the stress level of the hull. These situations lay great foundation for the warships' development.
For warships take the special responsibility of protecting the territorial waters, special meaning is attached to the ultimate strength compared with civilian ships. The warship ultimate strength means the strength reservation when they suffer from accidents such as stranding, crash and attack and it is the final guarantee of safety. Nowadays, evaluating the warship ultimate strength mainly depends on specifications, theoretical derivation, finite element analyses and scale model tests and these methods work in some conditions. However, the real mechanical properties, destructive mode, failure mechanism and safety factor is not clear and the ultimate bearing capacity remains unconfirmed.
There are two purposes for the full-scale ship structural collapse test: monitoring the structural response when loading and studying the structural strength of the hull girder and local members. (1) In the elastic range, with the gradual increased loads, the stress and deformation can be measured and compared with the designed value so that designed structure can be checked.(2) Beyond the elastic range, increasing the loads can help to monitor the plastic deformation.(3) Finally loads are increased to the ultimate bearing capacity and the structure comes to be destructive. The destructive mode is observed and the ultimate strength is obtained. Meantime, the quality of the building and the strength of welding lines are checked.
Experimental research on the hull ultimate strength at home and abroad
Experimental research on the hull ultimate strength includes the full-scale ship structural collapse test and the scale model test. Researchers always select the latter because of the easy operation and low prices. The full-scale ship structural collapse test requires higher economic strength. Accordingly the stress and deformed destructive mode can be obtained more precisely
Research on the full-scale ship structural collapse test
Public data show that there were three full-scale warship structural collapse tests which were carried out by developed countries with higher economic level. In the 20 th century, the English carried out the ultimate strength test with the destroyer Wolf [2] . That was the first full-scale ship structural collapse test. The test concluded that the stability of local members under compression should be considered when using the classical theory of hull girder. In the 1930s, the US Navy conducted the full-scale ship structural collapse tests with the Preston and the Bruce which were of similar structure [3] . In the 1949s, the UK Navy conducted the full-scale ship structural collapse hogging test with the Albuera which was half built [5] . The ships were loaded to destruction and the ultimate strength was obtained. These tests all verified the accuracy of the hull girder theory. J.Vasta [6] got a significant conclusion that the destruction of the hull resulted from the buckling of the plate under compression. The deck of the Preston was buckled in the sagging test and the bottom plates of the Bruce and the Albuera were buckled in the hogging test. It can be concluded that the hull ultimate strength is up to the buckling of the hull plate. Besides, the conclusion is widely applied to the design and checking of the hull structure. Meantime, he put forward that the ultimate strength can be obtained with the average stress multiplying the section modulus. The average stress of the representative plate can be calculated by the Frankland formula [4] 
 means ultimate strength of the representative plate.
The full-scale ship structural collapse test verified the accuracy of J. Vasta's conclusion and formula (1) .
No institutions have conducted the full-scale ship structural collapse test in China.
Research on the scale model test
The scale model test is a method to get the deformation and bearing capacity by loading the scale mode. Compared with the full-scale test, it is operated more easily and can save time and money. So many scale model tests have been conducted [7] . But the results are not completely the alike. Sugimura [8] conducted the ultimate strength test with the 1/5 scale model of the Nami frigate. Dow [9] conducted the ultimate strength test with the 1/3 scale model of the Leander frigate in 1991 and got the results that buckling of deck and topside led to the collapse. Endo [10] conducted the ultimate strength test with a series of hull girder model tests and obtained the results that buckling of the deck under compression and buckling of the side under shear force resulted in the collapse of the section. In China, the research on the scale model test has also been reported [11] . Sun Zhaokang conducted the ultimate strength test with the scale model of the warship.
Procedures of the full-scale ship structural collapse test
Before the test, a lot of preparations should be finished such as supporting the hull, installing gauges and making specific plan. The support of the ship is an important aspect in the preparations. References [5] [12] give a brief description of the support modes.
In the sagging test, the hull is supported at the stem and stern. Two sections at the stem and stern near the transverse bulkhead are selected as the central plane of two supporters. At the level of theoretical neutral axis, two circular shafts go through the hull horizontally respectively whose sides are installed on supporters which are located in the dock. Brackets are put in the middle under the hull in case of the hull falling down destroying the dock after breaking off [12] . The sketch map and scene map are shown in Fig.1(a) and Fig.1(b) . In the hogging test, the hull is supported in the middle of the ship approximately. Two sections near the transverse bulkhead are selected as the central plane of two supporters. At the level of theoretical neutral axis, a great box beam goes through the hull horizontally.
To decrease the influence of the temperature, the test should be conducted at night. Stress gauges are installed on the deck and longitudinal members as required so that the stress data of the hull can be obtained comprehensively.
In the process, it is feasible to change bending moments by ballasting and by changing the water level in the dock. The test consists of a series of readings and each reading is made at a each draft. Draft will change after each reading and the same reading will be kept going. 
Necessity of conducting a full-scale ship structural collapse test in China
The test conducted by foreign countries is much earlier. The results are valuable to some degree. But the limitation does exist.
(1)The Preston, the Bruce and the Albuera are riveted, which is quite different from the modern welded hull. The difference between the welded and rivet structure exists in three aspects. a) Welding makes the residual stress and deformation come up in the plate [13] . The residual stress is combined with the stress caused by loads. The inner stress of riveted structure is much smaller. b) The lap joint of riveted plates is strengthened and the stiffness of the boundary increases, which makes the effective span decrease. c) The strength of two kinds of joints is distinguished and it also affects the hull strength. So we can get that the results of the full-scale welded ship test are hardly estimated and it is worth researching.
(2)The Preston and the Bruce are transverse framed ships, which is different from the modern longitudinal framed warship [14] . So the structure is not typical. The Albuera is a longitudinal framed ship. It just for the hogging test and the sagging test is not clear. Compared with the transverse framed hull, the longitudinal framed hull consists of more longitudinal members and the buckling strength is enhanced. The destructive mode and ultimate strength change which should be studied with the full-scale test of the longitudinal framed warship.
(3)In the early years, ships are constructed by steel simply and are always strengthened by increasing the plate thickness. More emphasis is put on the integrated war power for the modern warship, which makes structural strength different [15] . So the high-tensile steel and composite material is widely applied to the structure [16] . But it also brings about bad effects on the buckling, fatigue and ultimate strength. The adaption of Frankland formula needs to be examined.
(4)In the 2011s, CCS issued the Surface Ship Classification Specification. Classification of warships is imperative. But the rationality and practicability of self-designed specification need be verified. The full-scale warship structural collapse test is helpful to improve the self-designed specification in China [17] . Usually the old ship is taken for the test whose structure has corrosion and deflection. So the test of old ships can help us have a better knowledge of the service state and find a better way to evaluate the technical status.
(5)The scale model test is important to study the structural strength, which is widely used in the ship design [18] . Taking the scale effect into account, researchers modify the results. However, the correction factor is mainly based on the experience and it is easily affected by artificial factors. The full-scale test can check the reliability of the correction factor and the scale test.
(6)With the development of the computer technology, the finite element software is widely applied [19] . It has become an important method to the ship structural design and strength checking [20] . Also it increases the accuracy of computing and design. However, it should be checked by comparing the results with test data so that we can get the range and situation of applying the finite element software. Then a more reasonable result will be obtained.
Compared with the past, the modern technology of design and construction is more reasonable. The application of new material not only decreases the hull weight but also strengthen the structure. The data of the past test is limited and the application of the formula should be further examined. Therefore, the full-scale ship structural collapse test is needed to make a deep research on the modern ship structure.
Feasibility of conducting a full-scale ship structural collapse test in China Extensive sources of the ship for test
Nowadays, as the new warship being built fast, many ships have been decommissioned such as destroyers, frigates, and patrol boats. Many decommissioned ships are dismantled and it wastes lots of manpower and materials [21] . Some are sent to the museum for show, some are sent to the military school for training and some are transformed to official ships. The decommissioned ship is seldom used for scientific research purpose and it's a waste of the resources. Choosing two decommissioned ships of similar structure is completely feasible.
Adequate assurance of test conditions
In recent years, the economy keeps growing sustainably and the defense spending accounts for more than 7%, which reflects that the great importance is attached to the national defense and great material assurance is provided for the defense-related science and technology. Developing the navy is bound to be an important aspect in the construction of the army. Although the collapse test has not been done in China, the scale model tests have been carried out frequently. The relevant experimental facilities and staffs are all in readiness, which can guarantee the test.
Specific thinking about the test process
Western countries had conducted the full-scale ship structural collapse test. The related contents including the experimental preparation, procedures, data's gathering and analyzing had been made public in references [4] [5] [6] . Those are precious experience and are worthy to be learnt. Then combining the experience of scale model test and taking the actual situation of the warship, the test can be done effectually.
Above all, It is feasible that the PLA Navy select two similar self-designed decommissioned warships for the hogging and sagging collapse tests respectively. For the abundant content, it should be carried out with cooperation of universities, research institutions and shipyards and each organization is responsible for one aspect. The test data can be shared for researching.
Conclusions
If the full-scale ship structural collapse test is conducted in China, the real test data can be obtained directly, which is significant to the development of the ship mechanical theory, the optimized design of the hull and the check of shipbuilding. In the process, we can check the mechanical properties of the ship that was built according to the current building specification. Also the destructive mode and mechanism can be observed and studied. After the test, processing data can be conductive to analyzing the ultimate bearing capacity and getting the safety coefficient of the ship structure. The finite element analysis can be verified with comparing the results with test data, which can improve the design specifications of warships. What's more, a more authoritative evaluation system can be built.
